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Hepatoma of the liver -

resection or transplantation?

Abstract Introduction: Despite re-
cent advances with techniques of in
situ tumor ablation, surgical therapy
remains at present the mainstay in the
treatment of primary hepatic malig-
nancies. Discussion: After aninitia
endeavor to establish liver transplan-
tation as a treatment option, especial-
ly for unresectable liver tumors, only
afew indications, for example early
hepatocellular carcinomain cirrhosis,
are currently agreed upon. Other in-
dications, such as peripheral cholan-
giocarcinoma and hepatocel lular car-
cinomain non-cirrhotics, have large-
ly been abandoned or are still under

debate, as with fibrolamellar carcino-
ma. Selection of patients suffering
from hepatocellular carcinomain cir-
rhosisfor liver transplantation is still
based on tumor size and node num-
ber, because the current state of diag-
nostic imaging failsto reliably pre-
dict the most important prognostic
parameter: vascular infiltration. Oth-
er selection criteria are under investi-
gation. Studies on multimodal thera-
py are also underway but have not
yet demonstrated a benefit.
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Introduction

The terms hepatoma or primary liver cancer are fre-
guently used synonymously with primary hepatocellular
carcinoma. However, there is a huge variety of malig-
nant epithelial and mesenchymal liver tumors to which
the term ,, hepatoma* may be applied (Table 1). Hepato-
cellular carcinoma is by far the most prevalent tumor,
followed by cholangiocarcinoma. In a worldwide per-
spective, hepatocellular carcinoma and cholangiocarci-
noma account for 84% and 13% of all primary liver tu-
mors, respectively [1]. So far, surgical resection has re-
mained the mainstay for treatment of primary liver tu-
mors, as it may provide consistent long-term tumor-free
survival. The more profound understanding of the ana-
tomic and physiologic basis of liver surgery, especially
of segmental anatomy and hepatic regeneration, as well
as a marked progress of anesthesiology and surgical
technique have resulted in a substantial increase in the
total number and safety of hepatic resection. Various re-

Table 1 Epithelial and mesenchymal primary liver tumors

Epithelia liver tumors Mesenchymal liver tumors

Hepatocellular carcinoma
Cholangiocarcinoma
Hilar (central) bile duct cancer

Angiosarcoma
Rhabdomyosarcoma
Neuroblastoma

Malignant histiosarcoma

L eiomyosarcoma
Lymphoma

Endodermal sinusoidal tumor
Undifferentiated sarcoma

sective procedures with different degrees of segment — or
lobectomies have represented the standard in the treat-
ment of malignant neoplasia of the liver. Postoperative
mortality and fatalities due to recurrence of the tumor or
complications of cirrhosis have impaired outcome, espe-
cialy in the treatment of hepatocellular carcinomain cir-
rhosis. Other therapeutic practices, such as total hepatec-
tomy and liver transplantation, percutaneous ethanol in-
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jection, transarterial chemoembolization, laser-induced
thermotherapy, radio frequency thermoablation, and pho-
todynamic therapy have, at least in part, also resulted in
favorable survival figures and could emphasize the need
for revision of standardized therapeutic strategies [2, 3,
4,5, 6].

Almost all of these investigational efforts aim at an
improvement of the therapy of hepatocellular carcinoma,
whereas cholangiocarcinoma can only rarely be found in
the focus of interest. This neglect is only in part due to
its relative rarity when compared with hepatocellular
carcinoma. It appears even more important that cholan-
giocarcinoma must be linked to chronic liver diseases to
a much lesser extent than hepatocellular carcinoma and
can, therefore, only by chance be detected as a small
sub-clinical and resectable mass.

Other primary hepatic neoplasms are only exception-
ally encountered in the surgical practice. Reports on the
experience with surgical therapy are limited to small se-
ries or even case reports and do not allow for conclu-
sions on specific therapeutic guidelines, which in conse-
guence roughly follow those for other liver tumors.

Hepatocellular carcinoma

In the treatment of primary hepatocellular carcinoma
confined to the liver, surgical resection is the most likely
treatment to result in long-term survival. Nevertheless,
two factors qualify such a therapeutic concept. First, the
proportion of patients eligible for surgical resections till
varies from 8% to 40%, though it has constantly in-
creased in the course of intensified screening efforts [7,
8, 9, 10, 11]. Second, this subset of patients is likely to
suffer from tumors responding to other treatment options
as well, for example, percutaneous ethanol injection or
laser-induced thermotherapy. Convincing data which
could conclusively determine that surgical resection
compares favorably with in situ ablation of the tumor or
vice versa are not at hand. Studies are underway, and
surgical resection will prevail as the therapeutic standard
as long as the uncertainty remains with regard to its al-
ternatives.

One important caveat has to be considered concerning
those patients suffering from hepatocel lular carcinomain
liver cirrhosis. Only half of the patients dying in the
course of the disease do so due to the liver tumor or its
metastases, which occur less frequently than in many
other malignant conditions. The remaining fatalities are
to be ascribed to the underlying chronic liver disease
[12]. Today, liver transplantation is the only simulta-
neous treatment of primary liver disease as well as of he-
patocellular carcinoma. As about 80% of all hepatocellu-
lar carcinomas develop within cirrhotic liver tissue,
which is considered as a risk factor for malignant trans-
formation, most patients have to be evaluated regarding

the therapeutic potential of liver transplantation with
respect to their primary disease. The problem of de
novo hepatocellular carcinoma within cirrhotic livers or
of overlooked small satellites has been addressed by
Belghiti et al. [13]. Analyzing 47 patients after liver re-
section of hepatocellular carcinoma and cirrhosis with a
cleared resection margin of at least 1 cm, arate of intra-
hepatic recurrence of 60% (n=28) was reported. Most
(86%) recurrent intrahepatic tumors were detected in a
distance to the resection margin of at least 2 cm. Overall
5-year survival after liver resection was 17%. To deter-
mine treatment options, it is necessary to distinguish be-
tween patients suffering from hepatocellular carcinoma
in cirrhosis and those without liver cirrhosis.

Hepatocellular carcinoma in cirrhosis

No phase-11l trials comparing resection with total hepa-
tectomy and liver transplantation have been done. In
view of the scarcity of the resources and, even more im-
portant, the unmatched long-term survival rates in select-
ed patients suffering from hepatocellular carcinoma in
cirrhosis undergoing total hepatectomy and liver trans-
plantation, it appears unlikely that such a trial will ever
be performed. A crucia factor still requiring further in-
vestigation is the appropriate selection of patients. TNM
and Union Internationale Contre le Cancer (UICC) clas-
sification of hepatocellular carcinoma must be consid-
ered with caution for therapeutic decision making be-
cause they comprise biologically different tumors in
common categories — for example, carcinomas with and
without vascular invasion in T stages 1 to 3 or formerly
lymph-node positive and negative tumors in UICC stage
[11, which has therefore recently been split into stages
UICC Illaand Il1b.

Selection has to rule out those patients in whom the
cancer has extended beyond hepatic confines from be-
coming candidates for liver transplantation. Gross metas-
tases or lymph-node infiltration as indicators of an extra-
hepatic spread may easily be detectable pretransplant by
imaging procedures or laparoscopic staging [14, 15].
However, the current state of pretransplant and even in-
traoperative diagnostic imaging fails as yet to reliably
distinguish between patients suffering from hepatocellu-
lar carcinoma in cirrhosis with or without a vascular infil-
tration. In liver transplantation, the problem of a micro-
scopic tumor cell dissemination is of paramount impor-
tance because post-transplant immunosuppression ap-
pears to ater tumor cell kinetics. The increased risk of in-
trahepatic recurrence and limited survival under immuno-
suppression has been shown in a study by Yokoyama et
a., who found a much shorter tumor volume doubling
time (TVDT) of recurrent hepatocellular carcinomas after
transplantation than after resection (33+7 days vs 274+79
days) [16]. This finding was supported in a detailed study
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by Panis et al., who injected colo-rectal tumor cells into
the portal vein of rats [17]. Eight weeks after tumor cell
injection, only the rats without liver tumors were selected
for randomization into three groups. One served as a con-
trol group, another received cyclosporin, and in one a
standardized liver resection was performed. The notewor-
thy results showed a significantly higher rate of liver tu-
mors in the cyclosporin-treated group (80%) when com-
pared with the control group (29%).

Bismuth et al. were the first to show that in the early
era of liver transplantation, the surgical strategy for the
treatment of hepatocellular carcinoma in cirrhosis had
followed a misconception in selecting patients suffering
from advanced and, therefore, unresectable cancers, as
transplant candidates [18]. Even groups advocating liver
transplantation to continue through as a therapeutic op-
tion for selected patients suffering from unresectable liv-
er tumors of various anatomical origins recommended
excluding UICC stages Ill and 1V hepatocellular carci-
noma from liver transplantation alone [19]. Based on
United Network of Organ Sharing (UNOS) and
European Liver Transplant Registry (ELTR) data, patient
survival was poor and reached only 30% 5 years post-
transplant. Conversely, small hepatocellular carcinomas
(in cirrhosis) with diameters of less than 3 cm, compris-
ing only one or two nodules, that means tumors frequent-
ly suitable for resection, showed favorable outcome. The
results of Bismuth’s group have been confirmed in an-
other study of six French centers showing a 60% rate of
5-year disease-free survival in patients undergoing liver
transplantation [20]. This figure is significantly higher
than the 14% 5-year disease-free survival rate in patients
undergoing liver resection. Independent prognostic fac-
tors were again tumor size and number of tumor nodules.
In addition, vascular invasion could be identified as a
prognostic factor in the study by Selby et al., in which
hepatocellular carcinomas of UICC stages | to |11 carried
an acceptable 5-year survival of about 60%, whereas
UICC IVa reflecting vascular invasion and disseminated
tumor nodules showed a significantly poorer prognosis
(5-year surviva 11%) [21]. The results of the aforemen-
tioned studies do not originate from randomized trials.
Therefore, the groups undergoing resection or transplan-
tation are certainly not comparable.

The most favorable results originate from groups ap-
plying selection criteria that do not adhere stringently to
the TNM classification but to size and number of tumor
nodules. Patients suffering from hepatocellular carcino-
ma and cirrhosis with three or less tumor nodules, a
maximum diameter not exceeding 5 cm, and no signs of
vascular invasion underwent the evaluation process
which would also be required for transplant candidates
with other, mostly benign indications for liver transplan-
tation. Table 2 shows the recently obtained survival data
of the groups from Milan and Barcelona as well as our
own results [22, 23]. These independently performed
studies generated a consistent 75% figure of 5-year sur-
vival (Milan: 4-year survival) post-transplant and are
likely to support the criteria as surrogate markers for the
absence of a vascular infiltration which would otherwise
be impossible to be ruled out.

In our experience three factors account for this favor-
able long-term prognosis:

1. No operative fatalities occurred, whereas the postop-
erative mortality ranges from 3% to 15% after liver
resections performed in patients suffering from cir-
rhosis.

2. Rates of tumor recurrence were low as a total hepa-
tectomy should always be considered as formally cur-
ative. In particular, atypical or wedge resections per-
formed due to a limited functional hepatic reserve fre-
guently do not succeed in achieving sufficiently
cleared resection margins and bear the risk of over-
looked satellite nodules. Moreover, a total hepatecto-
my offers the possibility of complete histopathologic
staging for detection of multicentricity or small satel-
lite nodules. In contrast, staging based on diagnostic
imaging will probably generate false-negative results
by missing smaller satellites in the future remnant liv-
er. Interestingly, the aforementioned study of Bismuth
et a. had also disclosed that 3-year survival of pa-
tients suffering from small hepatocellular carcinoma
in cirrhosis (<3 cm) was only 39% and was worse
than a 3-year survival figure of 55% in those with
larger nodules (>5 cm) [18]. The authors explained
this puzzling paradox with an increased likelihood of
undetected nodules in remnant liver tissue when only

Table 2 Results from Europe-

an liver transplant programs Center Reference Selection criteriafor HCC in cirrhosis n 5-Year survival
applying comparable selection (%)
criteriaprior to liver transplan- ] .
tation fc?r hepatocellular ggrci- Milan 22 Solitary tumors <5 cm; 1-3 nodules, 48 758
noma (HCC) in cirrhosis largest nodule <3 cm

Barcelona 23 Solitary tumors <5 cm; 58 74

no known vascular infiltration
Berlin Solitary tumors <5 cm; 1-3 nodules, 73 74

largest nodule <3 cm;
no known vascular infiltration

a4-Year survival
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one or two small nodules were discovered by repeated
screening. In the experience from cases of transplan-
tation, the rate of pretransplant undetected carcinoma-
tous foci in the cirrhotic liver was 24%. This figure
was later confirmed by Mazzaferro et al. as well as by
our own results [12, 22].

3. The fatal potential of the underlying liver disease,
which may be deleterious after resection can almost
be ignored after transplantation except for a few pa-
tients suffering from recurrent hepatitis B.

In our series of 73 patients undergoing liver transplanta-
tion for hepatocellular carcinoma in cirrhosis after ful-
filling the selection criteria indicated above, prognostic
parameters as number of nodules or maximum diameter
of the largest mass did not prove to impact on survival
anymore. Upon comparison of patients suffering from
UICC stage I Va carcinomas with those suffering from tu-
mors of UICC stages | to Ill, superior survival could be
observed in the group with |ess advanced tumors. The re-
spective 5-year survival figures were 83% versus 48%.
Long-term survival among patients suffering from hepa-
tocellular carcinomas in cirrhosis (UICC stages | to I11)
was comparable with the 5-year survival rate of patients
who had undergone liver transplantation for benign indi-
cations (5-year survival 86%). These survival figures of
the subgroups corresponded almost identically to those
reported by Mazzaferro et a. for patients who eventually
did (n=35; 4-year survival 85%) or did not (n=13; 4-year
survival 50%) meet pretransplant selection criteria [22].
The UICC stage 1Va of hepatocellular carcinoma in
this subset of patients is comprised of bilobular tumors
and/or tumors involving a maor branch of the porta
vein or the hepatic veins. It is still a matter of investiga-
tion whether only a major vascular infiltration should de-
termine exclusion from a transplant program or also tu-
mor growth in more than one lobe. It is noteworthy that
an autopsy study from 1990 showed a frequency of ex-
trahepatic disease increasing with tumor size, histologic
type, and number of nodules [24]. The incidence of he-
matogenous metastases ranged from 14% for single nod-
ules to 82% for a diffuse multinodular tumor disease.
Other markers more directly correlated to vascular in-
filtration are needed to identify both patients who even
though adhering to the currently applied selection crite-
ria do not benefit over the long term and those who are
currently excluded due to an inaccurate strictness. It is as
yet unknown whether histopathological grading which
has so far not been reported in the literature on liver
transplantation for hepatocellular carcinoma in cirrhosis
or other parameters as DNA-ploidy and factors of angio-
genesis will prove to be more reliable than gross patho-
logical markersto determine the true extent of the malig-
nant disease [25, 26, 27, 28]. Another possible strategy
to assess the suitability of a patient may be pretransplant
transarterial chemoembolization (TACE). This may be a

concept which has rather accidentally been generated
from a study on multimodal therapy. The group around
Bismuth conducted a retrospective analysis of their ex-
perience with TACE and failed to show a survival bene-
fit [29]. Interestingly, they could demonstrate significant
survival then by separating patients treated with TACE
into a group that had responded with tumor necrosis to
another group not developing necrosis. Therefore, it
should be determined whether chemoembolization might
serve as a selection criteriaprior to liver transplantation.
It isstill amatter of debate whether multimodal thera-
py will be able to improve outcome [30]. So far, treat-
ment options in conjunction with liver transplantation
have been confined to pilot trias involving TACE and
postoperative chemotherapy. Olthoff et al. suggested
doxorubicin pre-, intra-, and postoperatively with a sig-
nificant increase of survival when compared with histor-
ic controls. However, tumor stages were not well defined
and 3-year survival rates did not compare favorably with
those published in many series without adjuvant therapy.
Prospective randomized trials have not been published
so far although they are in progress at different centers.

Hepatocellular carcinoma in non-cirrhotic livers

In general, hepatocellular carcinoma in non-cirrhotic liv-
ers occurs considerably less frequently than in cirrhosis,
and these fewer tumors are much more advanced. In an
autopsy study from Japan involving 618 patients, Okuda
et al. reported arate of only 11% of hepatocellular carci-
noma growing in non-cirrhotic livers [31]. There are few
data available about hepatocellular carcinomas in non-
cirrhotic livers, because this type of tumor is rarely sepa-
rately identified in series reported in the literature. One
of the characteristics of this tumor isits advanced size at
diagnosis. Hepatocellular carcinoma in non-cirrhotic liv-
ers is mostly not detected before it becomes a palpable
mass or symptomatic by pain, fever due to necrosis or
rarely by rupture.

In the largest single-center experiences on the treat-
ment of hepatocellular carcinoma in non-cirrhotic livers,
Bismuth et a. from Paris and Iwatsuki et a. from Pitts-
burgh reported 5-year survival rates after liver resection
of 40% and 44%, respectively [32, 33]. We have report-
ed a rate of 38% in patients suffering from tumors in
UICC stage |1, which represent by far the largest group
of patients still eligible for treatment in a curative inten-
tion [12]. However, some UICC IVatumors may aso un-
dergo surgical therapy because the functional capacity of
the liver tissue frequently allows extended liver resec-
tions. In the report of Bismuth et a. as well asin our ex-
perience, more than 50% of all resections performed for
hepatocellular carcinoma in non-cirrhotic livers are
hemihepatectomies, and more than 20% are more ex-
tended liver resections. These high rates contrast the pre-
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dominance of segmental and wedge resections per-
formed for hepatocellular carcinoma in cirrhosis. Never-
theless, even extended liver resections in patients not
suffering from liver cirrhosis are associated with a lower
postoperative mortality rate. In the two reports of Bis-
muth et al., the postoperative mortality rate was 3% in
non-cirrhotics compared with 10% in cirrhotics. More-
over, late complications after resection of hepatocellular
carcinoma and cirrhosis due to the underlying liver dis-
ease are responsible for half of the patient deaths over
the long term. In patients suffering from hepatocellular
carcinoma without liver cirrhosis, tumor recurrence oc-
curs in more than half of the patients and is the main
cause of death.

Attempts to improve the treatment of hepatocellular
carcinoma in non-cirrhotics by performing total hepatec-
tomy and liver transplantation have failed. These ad-
vanced tumors bear a considerable likelihood of a micro-
scopic dissemination and, in conseguence, an over-
whelming risk of recurrence further increased by immu-
nosuppression. The consistent rates of post-transplant 5-
year survival were 26%, reported by Pichimayr et al. and
Iwatsuki et al. [19, 33]. However, both authors identified
a subgroup of patients in whom the recommendation not
to perform liver transplantation would need to be further
substantiated or even withdrawn. These were patients
suffering from fibrolamellar carcinoma, an uncommon
variant of hepatocellular carcinoma only exceptionally
associated with cirrhosis and distinguished by histopath-
ological features suggesting greater differentiation than
other hepatocellular carcinoma [35, 36, 37].

As most patients suffering from fibrolamellar carcino-
ma are young non-cirrhotics, it is uncertain whether a
better prognosis after liver resection when compared
with patients suffering from conventional hepatocellular
carcinoma has in fact to be ascribed to properties of the
tumor. So far, data of the less than 200 patients after sur-
gical therapy reported in the literature did not reveal con-
clusive results. In a registry report on the impact of tu-
mor characteristics of hepatocellular carcinoma on out-
come, histological grade, vascular invasion, lymph-node
infiltration, and size of the tumor were identified as sig-
nificant determinants of patients survival but not the fi-
brolamellar variant [38]. Ringe et a. have described 20
patients with a mean age of 23 years [39]. Actuaria sur-
vival 4 years after transplantation (n=6) was 33%. In the
resection group (n=14), 5-year survival was 38%. It was
concluded that the fibrolamellar variant could not be
confirmed to be an independent indicator of better pa-
tient survival.

The largest single-center report originates from Pitts-
burgh [40]. Pinna et al. described the treatment of fibro-
lamellar carcinoma with resection (n=28) or transplanta-
tion (n=13) in 41 patients. The mean age of the patients
was 30 years. Almost al fibrolamellar carcinomas could
be assigned to the UICC stages |Va or even Vb with

surprising postoperative 5-year survival rates of 66% and
50%, respectively. Comparing patients undergoing liver
resection with those in whom liver transplantation had
been performed, the 5-year survival rates were 82% and
38%, respectively. Liver resection was consistently supe-
rior to liver transplantation over the years, and the gap of
44% at 5 years prevailed also after 10 years. In our opin-
ion, these outstanding results after resection of advanced
stage fibrolamellar carcinoma may in fact indicate a
prognosis different from that of non-fibrolamellar hepa-
tocellular carcinomas without underlying liver disease.
Extended and multivisceral resections which have been
performed in many patients reported by Pinna et al. are
warranted. However, the problem of recurrent disease af-
ter liver transplantation, if the tumor was advanced, can-
not be overcome by fibrolamellar carcinoma either.
Therefore, liver transplantation is not an appropriate
treatment for fibrolamellar carcinoma if the patient is
non-cirrhotic. Fibrolamellar carcinoma in cirrhosis fol-
lows the concept outlined for hepatocellular carcinoma
in cirrhosis.

The question of whether a small, resectable hepato-
cellular carcinoma without an associated liver cirrhosis
would benefit from a total hepatectomy and liver trans-
plantation is rather theoretical because these tumors rare-
ly occur. However, some arguments can be advanced in
favor of liver resection or against liver transplantation.
First, graft shortage and high costs represent more gener-
al problems, demonstrating the narrow limits that have to
be considered especially if patients are not suffering
from liver cirrhosis as indication for liver transplanta-
tion. Second, outcome after resection of hepatocellular
carcinoma in non-cirrhotics is not impaired by a high
postoperative mortality or long-term failures due to un-
derlying liver diseases. Third, it is still unknown whether
hepatocellular carcinomas in cirrhosis and in non-cirrho-
ticsare identical or diverse malignant diseases. There are
hints in support of the latter theory. We have, for exam-
ple, looked for a microscopic tumor cell dissemination
into the bone marrow which had been investigated for
many gastrointestinal malignancies but not for hepato-
cellular carcinoma [41]. Our preliminary findings which
had been obtained from a group of patients undergoing
liver resection for hepatocellular carcinoma disclosed
that patients suffering from associated liver cirrhosis ap-
pear to have a lower frequency of bone-marrow metas-
tases than patients without liver cirrhosis. This finding
merits further investigation but may advocate against liv-
er transplantation for hepatocellular carcinoma in non-
cirrhotics.

Cholangiocarcinoma

Cholangiocarcinoma is an adenocarcinoma arising from
the intrahepatic hiliary epithelium and developing in a
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non-cirrhotic liver. It is commonly separated into periph-
eral and hilar types. According to a widely accepted def-
inition of cholangiocarcinoma, only adenocarcinomas of
the peripheral type should be classified as cholangiocar-
cinoma [42]. The development of cholangiocarcinoma
has in some cases been related to the use of thorotrast,
hepatolithiasis, hepatic infestation (clonorchis sinensis,
opisthorchis viverrine), cystic and dysplatic hepatic le-
sions (congenital cysts, Caroli’s disease), primary scle-
rosing cholangitis (PSC), and chronic inflammatory
bowel disease. The development of cholangiocarcinoma
is generaly not related to cirrhosis or hepatitis B infec-
tion, while an involvement of the hepatitis C virus has at
least been suggested [43]. Peripheral cholangiocarcino-
ma becomes symptomatic by size as they enlarge and pa-
tients present with pain, malaise, and fever, whereas the
hilar or extrahepatic type is characterized by obstructive
jaundice. In areas of frequent association with hepato-
lithiasis, e.g., Taiwan, as many as 25% of the patients
suffering from cholangiocarcinoma undergo surgery for
chronic cholangitis [44]. The study from Taiwan gives
no details on the tumor stages and it cannot be assessed
whether a high rate of concomitant liver disease also re-
sulted in an increased share of less advanced tumors.
Pichimayr et al. gave the most detailed report on the sur-
gical treatment of cholangiocellular carcinoma so far and
reported on 50 patients [45]. The rates of patients suffer-
ing from UICC stages Il, Il1, or 1Va tumors were 26%,
22%, and 48%, respectively. However, data of an associ-
ation between cholangiocarcinoma and primary liver dis-
eases are not given in this study. This distribution of tu-
mor stages appears comparable with those expected for
hepatocellular carcinoma in non-cirrhotics, except for a
relatively high share of UICC stage-Il tumors. In this
study, 32 patients underwent liver resections, more than
half of which were extended liver resections. This rate
may in part be reflected by 30-day and 60-day mortality
rates of 6% and 16%, respectively. Survival at 5 years
could only be observed in four patients suffering from
T2 tumors. The overall 5-year survival rate was 18%. In-
terestingly, survival was largely dependent on tumor
characteristics reflected by the T-stage, whereas 5-year
survival after resection of lymph-node positive and nega-
tive tumors was almost identical .

Cherqui et al. have emphasized that an aggressive
surgical management is the mainstay in therapy of chol-
angiocarcinoma if a sufficiently cleared resection margin
(more than 1 cm) can be achieved. This report gave only
2-year surviva rates, which were 32% for all patients.
However, the subset of those with solitary, lymph-node
negative tumors and cleared resection margins survived
without fatalities.

Unresectable tumors and functional restrictions but
also the assumption that great exstirpative procedures
might provide an increased chance for cure resulted in the
more radical concept of resecting the entire intrahepatic

biliary tree by combining hilar resection, total hepatecto-
my, and liver transplantation. Arguments in favor of this
approach included a putative rise in rates of formally cur-
ative resections, the simultaneous therapy of underlying
or associated diseases, for example primary sclerosing
cholangitis, as well as the prevention of de novo and re-
current tumors, since multifocal lesions within the biliary
tract may be identified in as many as 10% of patients.
Postoperative mortality was even expected to decrease as
liver transplants in a patient population not suffering from
complicating portal hypertension can be performed rather
straightforwardly. However, postoperative and long-term
survival figures have been disappointing.

In areview of 34 patients originating from 13 studies,
90-day mortality and 5-year survival rates after total
hepatectomy and liver transplantation for periphera
cholangiocarcinoma were approximately 29% and 6%,
respectively [46]. Cancer recurrence predominated as
cause of death in 88% of the patients surviving more
than 90 days post-transplant. Quite similar results have
also been reported for hilar cholangiocarcinoma. Many
of these patients underwent operations during the 1980s
when the initial surgical endeavor was made to establish
liver transplantation as a widespread treatment for liver
diseases in genera. Therefore, postoperative mortality
rates are likely to be cut at least in half some 10 years la-
ter. However, the major obstacle to patient longevity re-
mains again the unpredictable risk caused by potentially
accelerated growth of residual tumor cells during chronic
immunosuppression. This unfavorable experience is also
reflected by a single center report of Pichimayr et al. on
18 patients undergoing liver transplantation for cholan-
giocarcinoma [45]. None of the patients, including four
patients suffering from T2 tumors survived beyond 2
years post-transplant. Disappointing long-term results af-
ter abdominal organ cluster transplantation were reported
by Alessiani et al. [47, 48]. Among a variety of liver tu-
mors, such as endocrine tumors, sarcoma, and hepatocel -
lular carcinoma, cholangiocarcinoma fared the worst
with a 5-year survival rate of 15%.

An unsolved problem which is still under debate is
the usefulness of prophylactic liver transplantation for
patients suffering from primary sclerosing cholangitis, a
chronic inflammatory disease characterized by multiple
fibrotic strictures throughout the biliary tree [49, 50]. In
our own experience, the risk of occult peripheral cholan-
giocarcinoma or hilar duct cancer as a complication of
PSC at the time of liver transplantation is 10%. This fig-
ure is within the scope of 9% to 15% reported in the lit-
erature [49, 51, 52, 53, 54]. The highest rate has been
observed in Brisbane by Miros et a. [55]. In their liver
transplantation program, 4 of 11 patients suffering from
PSC had developed cholangiocarcinoma, i.e., a calculat-
ed risk of 36%. Some groups have concluded that the
timing of liver transplantation for PSC should not only
be related to the stage of the chronic inflammation and
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its consecutive liver damage but that it should be brought
forward to prevent the formation of biliary malignancies
[56]. The rationale is a poor outcome after liver trans-
plantation even in patients with low-grade malignancies.
Others argue that PSC progresses slowly and can, over
periods of more than 15 years or even longer, be man-
aged by medical and endoscopic treatment [57] There-

fore, many patients would unnecessarily undergo liver
transplantation early in their life with a sometimes un-
certain prognosis over the long term due to a diverse
transplantation-associated morbidity. Thus, we follow
the policy to transplant when indicated by the stage of
PSC combined with efforts to keep the rate of occult
cholangiocarcinomain graft recipients low.
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